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EXPANDABLE ANODE FOR DIAPHRAGM CELLS 
DESCRIPTION OF THE INVENTION 

The production of chlorine and caustic soda from sodium chloride solutions, the 
production of aluminium from molten salts and the electrometallurgy are nowadays 
the main electrochemical processes of industrial relevance. In particular, chlorine- 
caustic soda (or chlor-alkali In general) electrolysis Is carried out on the basis of 
three types of technologies, namely the meroury cathode, diaphragm and 
membrane one. The latter type of electrolysis is the most advanced and 
represents since a few years the only option left for the constmctlon of new plants 
In view of the lower electrical energy costs and of the near-zero environmental 
impact, while the mercury cathode and diaphragm technologies survive in already 
paid-off plants wherein the higher variable costs are balanced at least in part by 
the lower fixed costs. In order to make the operation of these plants acceptable In 
a situation of increasing electrical energy prices and of growing concern for human 
health and environment, a continuous technological improvement has been 
observed in the last years, which in the case of diaphragm technology has led to 
the development of inert fibre-based diaphragms as a replacement of the 
previously used asbestos and to modifications of cathode and anode design aimed 
at decreasing the electrical eneigy consumption. 

Focusing the attention on the anode design, it has been particulariy observed the 
replacement of the so-called "box" anodes with ejcpandable-type anodes, provided 
with forced expansion devices, optionally of controlled action. 
The "box" anodes, bom as replacements of the old graphite anodes of which they 
substantially maintain the external shape (see for example US 3.691.483) consist 
of a titanium sheet provided with openings, folded so as to form an empty box 
(whence the name) shaped as a rectangular base prism. During the electrolyser 
assembly the anodes, which are secured in a multiplicity of parallel rows to a 
supporting and electrical current-distributing base, are intercalated between 
corresponding rows of cathodes, also shaped as flat boxes fomied by perforated 
sheets or metal wire meshes coated with a porous diaphragm consisting of. as 
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previously said, inert fibres stabilised by a polymer binder. This operation of 
intercalation is quite delicate and. In order to avoid that the diaphragms be 
damaged by strokes or rubbing against the anodes, the same anodes have 
sensibly lower width than the existing gap between the rows of diaphragm-bearing 
cathodes. It follows that, during operation, the sensible gap existing between 
anodes and diaphragms (6-8 mm Indlcatlvely) entails a high voltage, to which 
corresponds a high electrical energy consumption. 

To overcome this Inconvenience, particulariy heavy in times of growing electrical 
energy prices, expandable anodes were Introduced, again shaped as a flat box. 
but with the two major surfaces secured to expanding devices (expanders) 
consisting of titanium sheets endowed with elasticity. In this way the surfaces have 
a certain mobility, which allows them, precisely under the push of the expanders, 
to get closer or farther away while remaining mutually parallel (see for example US 
3.674.676). In particular, when assembling the electrolysers. the anodes are 
maintained in a restrained position by suitable retainers, thereby assuming a 
reduced width allowing to prevent damages to the diaphragms. Once positioned 
the anodes between rows of cathodes, the retainers are extracted leaving the 
anode surfaces free to expand under the effect of the intrinsic elasticity of the 
structure. The retainer extraction does not present any particular difficulty since in 
the phase of anode assemblage between the rows of cathodes, the electrolyser is 
free of cover, and thus the access to the anodes is entirely free. 
Notwithstanding that the expansion of this kind of anode might be adjusted so as 
to bring the major surfaces consisting of sheets provided with apertures and 
catalytic coating in direct contact with the diaphragm surfaces, in the industrial 
practice it is preferred to maintain a gap of about 3 mm. substantially to prevent 
the damages which could be produced by the contact between the inevitable 
asperities of the sheets, whose openings are cheaply obtained by mechanical 
expansion, and the diaphragm whose hardness is rather modest. Indlcatlvely. the 
expanded sheets are obtained making use of 1 mm thick titanium sheets as the 
starting material, and the expansion is adjusted so as to produce openings of 
typical rhomboidal shape whose diagonals are about 10 an6 15 mm long. The 
thickness of 1 mm for the starting sheet is needed to ensure a suffident electrical 
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conduction, and hence a homogeneous current distribution: in its turn, such 
thicl<ness of 1 mm imposes, for the mechanical expansion, the above seen 
dimensions of the rhomboidal opening diagonals. With these dimensions, a partial 
penetration of the anode surfaces Into the diaphragms cannot be avoided, leading 
5 to a further damaging to their integrity. The safety distance of about 3 millimetres 
is commonly ensured by introducing spacers In the fomi of plastic rods or buttons 
between the movable surfaces of the anodes and the diaphragms. 
The anodes are further provided with brine recirculation means having the purpose 
of favouring the mass transport of chlorides toward the anode surface catalytic 

10 coating In order to facilitate the evolution of chlorine while hindering that of oxygen, 
which is a typical by-product of reaction. These recirculation means consist of 
suitable Internal ducts created by sheets introduced within the "box"-type anodes, 
as disclosed in US 4.138,295. or by an adequate shaping of the expanders, as 
proposed in US 5,593,555 precisely for expandable-type anodes. In US 5,066,378 

15 a particulariy efficient recirculation device is presented, comprising baffles Installed 
on top of the expandable anodes and connected to downcoming pipes positioned 
inside the anodes themselves: the baffles, which produce a rapid coalescence of 
the chlorine bubbles generated upon the catalytic coatings, allow to achieve a 
quick degassing without generating foams and therefore enhance the Intensity of 

20 brine recirculation. 

The finite distance between the surfaces of the diaphragms and those of the 
anodes after expansion entails a higher cell voltage due to the ohmic drop inside 
the brine film just located between such suri'aces: assuming that the gas content in 
such film doesn't affect the electrical resistivity of brine to a substantial extent, it 

25 can be detemnined that to a gap of 3 mm (imposed as said above by the spacers 
of common use in the industrial practice) con-esponds a ohmic drop of about 0.1 
Volts. The real ohmic drop results considerably higher and close to 0.3 Volts when 
the diaphragm is of the type based on asbestos fibres mechanically stabilised with 
perfluorinated-type polymeric binders, still largely in use. This seriously negative 

30 situation is originated by the remari<able swelling undergone by tiiese types of 
diaphragm when tiiey are put in contact with an aqueous solution, in particular with 
the process brine at temperatures around 80-1 00°C: the diaphragm practically 
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comes to occupy a consistent portion of the anode-diaphragm gap and therefore 
the volume of brine through which the Ionic migration takes place results 
substantially decreased, with a consequent increase of the ohmic drop for a given 
applied current. Although still present, the phenomenon Is lower in the case of the 
5 more modern diaphragms In which, as said above, the asbestos fibres are 
replaced with inert fibres, for Instance made of perfluorlnated polymeric material 
and Inorganic oxide such as zirconium oxide. 

To eliminate or in any case reduce the above indicated ohmIc drop, devices suited 
to compress the diaphragm so as to force It to maintain Hs initial thickness 

10 practically unaltered were perfected. In particular. US 5.534,122 disclosed 
additional elastic elements which are provided to be Inserted within the 
expandable anodes: the purpose of the finding Is to Impart a force of compression 
to the movable anode surfaces sufficient to compensate for the push exerted by 
the diaphragms In the swelling phase, thereby preventing the thickness increase. 

15 The problem of damaging the delicate diaphragm under the action of the 
compression exerted, as seen above, by the surfaces consisting of expanded 
sheet. Inevitably quite coarse, is solved by resorting to a composite structure 
comprising an expanded flattened sheet of low thickness, for example 0.3-0.5 mm. 
for which the mechanical worthing for its expansion allows to easily produce 

20 rhomboidal openings with diagonals of reduced length, for instance 3 and 5 mm, 
fixed to the sheet of higher thickness and wider openings of the prior art. The 
catalytic coating is applied to both of the expanded sheets or at least to the thin 
sheet. With the composite structure, a specific role Is assigned to the two 
component sheets, in particular, the thin sheet provided with small sized openings 

25 has the purpose of btocking the diaphragm swelling by applying a much more 
distributed compression force: this feature, together with the regularity of the 
surface, substantially free of asperities as a consequence of the flattening 
treatment, guarantees that no significant damage is produced to the diaphragms. 
To the unflattened thicker sheet is deputed the task of optimally distributing the 

30 electric current while preventing the defomiations which would be unavoidable 
with the thin sheet alone. Diaphragm chlor-alkali electrolysis cells operating at a 
current density of 2000 A/m» and equipped with anodes provided with the 
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composite stmcture just described and with the means for brine recirculation, for 
Instance according to US 6,534.122. are characterised by a voltage 0.1-0.15 Volts 
lower than the voltages of cells provided with anodes and spacers according to the 
prior art. Such certainly interesting result is nevertheless Inferior to the previously 
indicated expected value of about 0.3 Volts. 

In US 4.013.525 it is described an anode consisting of vertical plates having a 
width of 7 mm. mutually spaced apart by 4 mm: the voltage of a diaphragm chlor- 
alkali cell equipped with this type of anode and woridng at 2000 fiJm- results to be 
about 0.3 Volts better than the voltages of cells based on the current technology. A 
gap of 1.5-3 mm Is maintained from the diaphragm, apparently to prevent the 
mechanical damaging produced by the contact with the edges of the plates Such 
gap and the rather relevant distance between the plates do not hinder the swelling 
of the diaphragm in operation: therefore, at least In principle. It is legitimate to 
assume that the voltages of US 4.01 3.525 might be further Improved. 
An example of optimisation of the stmcture of a vertical anode with surfaces 
consisting of a multiplicity of parallel plates is given by US 4.642.173 and EP 0 203 
224. 

US 4.642.173. disclosing an anode for specific use in electrometallurgy cells 
normally free of separator, takes particulariy Into consideration the positive effect 
generated by the electrolysis surface amplification given by the surface of the 
catalyst-coated plates for a given external bulk: in particular. It is claimed that such 
amplification per unit external bulk area be comprised between 4 and 20. and 
preferably between 6 and 14. 

In EP 0 203 224 it is described an equivalent electrode structure consisting of 
vertical parallel plates whereof an optimisation Is proposed relating both to the 
amplification of the catalyst-coated suri^ace and to the withdrawal of the gas 
evolved in operation: to achieve the latter objective, it is indicated that the ratio 
between the width of the plates and the distance thereof must be respectively 
maintained between 0.8 and 0.6 and between 0.2 and 0.7. In particular, the use of 
plates of 1-2 mm thickness and 3-5 mm width is provided. The electrxjde may be 
employed in many electrochemical applications and in particular as anode (and 
optionally as cathode) In diaphragm cells, with the plate edges positioned as 
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already seen, at a certain distance ftom the diaphragm to prevent mechanical 
damages. 

A similar structure suitable for working as anode In membrane chlor-alkall cells 
(which can however be employed also in diaphragm cells) Is pmsented In US 
5,290,410: in this case the structure oompdses a multiplicity of vertical bars 
provided with catalytic coating and welded on a conductive support provided with 
openings for the free passage of brine: in the prefbn^d embodiment the bars are 
rods of diameter comprised between 0.1 and 3 mm, spaced apart by distances of 
0.5-2 limes the diameter. In the text It is specifically indicated that the anode may 
be placed in dirept contact with the ion-exchange membrane, 
in US 4,469,577 it is proposed a structure consisting of plates of suitable profile 
disposed horizontally and slanted from the vertical plane defined by the stmolure 
rtself, provided with catalytic coating. This particular kind of electrode was 
conceived to allow an adequate expansion of the ion-exchange membranes with 
which rt might come in contact in membrane chior-aikali cells. It is apparent that 
this electrode, likewise the types just described, cannot be placed in diract contact 
wrth diaphragms which It wouW penetrate under the push of the expansion devfces 
producing mechantaal damages wHh Its edges. 

From the above reported analysis of the prior art It is ctear that the types of known 
electrode stroctures. developed with the purpose ot amplifying the surfaces 
provided With catelytfc coating and of promoting the withdrawal of the product 
gases and the redrouiatton of the electrolytic solutions, are not suitable for being 
mstelled as anodes In diaphragm chlor^ikali cells when the scope is minimising 
the production energy consumptton (kWWIon of chlorine) 

This purpose Is at the basis of the Instant lm,ention. which under a first aspect Is 
diracted to an electrode for cells provided with separator and particuiariy, although 
not exclusively, for diaphragm chlor-alkali cells and more particularly to an anodic 
stroctura provided with at least one movable surface suited to be installed In 
diaphragm chtor-alkali cells in direct contact with the diaphragm iteelt without any 
30 risk of mechanical damages. 

In a second aspect of the Invention, the movable surfece is provided with elements 
capable of inducing an effective local recirculation of brine. 
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In a third aspect the invention discloses an anode for cells provided with separator, 
particularly for diaphragm chlor-alkali cells, capable of ensuring a substantial 
reduction of the electrolysis voltage. 

In a fourth aspect the anode of the Invention Is characterised by producing chlorine 
with lower oxygen contents. 

In a final aspect the anode of the instant Invention is characterised by reduced 
electric energy qonsumption per tonne of product chlorine. 
Thus, according to present claim 1, the Invention concerns an electrode structure 
for electrolysis cell divided by a separator into an anodic compartment and a 
cathodic compartment, comprising at least one movable surface suited to be put in 
contact with the separator and provided with a thicker component and a thinner 
component overiapped thereto, the thicker component being generally planar and 
the thinner component being a thin sheet provided with openings or a thin mesh of 
wires. The electrode stmcture of the invention is characterised in that only the 
thicker component is provided with a catalytic coating. Contrary to prior art. only 
the underiying thicker component is catalyst-coated while thinner component, i.e 
the outemnost component directly facing the separator, remains uncoated. 
Other preferred embodiments of the electrode structure of the Invention are 
defined in the dependent claims. 

The invention also concerns a chlor-alkali membrane or diaphragm cell comprising 
at least one electrode structure of the invention. 

Finally, the invention concerns a chlor-alkali electrolysis process earned out In the 
such a cell, the process being characterised by having a voltage not higher than 3 
Volts at a cun-ent density of 2500 A/m^ and an oxygen content in chlorine non 
25 higher than 2%. 

These and other peculiar aspects of the invention are discussed in the following 
presentation. 

DESCRIPTION OF THE FIGURES 

The present invention is described making reference to the figures listed below: 
30 - figure 1 a: three-dimensional view of anode in accordance with the invention 
with each of the two major movable surfaces consisting of a component of higher 
thickness and substantially planar development resulting from a multiplicity of 
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horizontal plates slanted with respect the vertical plane and by a further thin 
porous layer, for instance in fonn of perforated sheet, expanded sheet, mesh of 
wires, layer of sintered material, applied on the outer edge of the multiplicity of 
plates. 

5 - figure 1 b: side-view of section along line X-X of figure la. 

figure 1 c: top-view of section along line Y-Y of figure 1 a. 
figure Id: three-dimensional view of the cunent collecting stem alone, 
provided with expanders. 

figure 2a: front-view of a particular embodiment of the plate stmcture of 
10 figure 1a. 

figure 2b: side-view of section along line W-W of figure 2a 

figure 3a: three-dimensional view of anode in accordance with the invention 
wrth each of the two major movable surfaces consisting of a component of higher 
thickness and substantially planar development resulting from a multiplicity of 
15 vertical plates and by a further thin porous layer, for instance In form of perforated 
sheet, expanded sheet, mesh of wires, layer of sintered material, applied on the 
outer edge of the multiplicity of plates. 

figure 3b: side-view of section along line K-K of figure 3a. 

figure 3c: top-view of section along line Z-Z of figure 3a. 
20 - figure 4a: three-dimensional view of a further Embodiment of the anode of 
the invention with each of the two major movable surfaces consisting of a thicker 
porous sheet, for instance a perforated sheet, expanded sheet, mesh of wires 
layer of sintered material, with a second thin porous sheet applied thereto, also In 
form of perforated sheet, expanded sheet, mesh of wires, layer of sintered 
25 material. 

figure 4b: side-view of section along line S-S of figure 4a. 
figure 4c: top-view of section along line T-T of figure 4a. 
DETAILED DESCRIPTION OF THE INVENTION 

Although the finding is represented as an electrode structure suitable for being 
advantageously installed as anode and/or cathode on several kinds of cells 
provided with separator, for the sake of higher simplicity of description but without 
wishing to limit thereby the scopes of the present invention, reference will be made 
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in the following to the use of this structure as anode in diaphragm chlor-alkali cells, 
which constitute a field of application of remarkable Industrial Interest. 
The inventors, in their quest for an anode structure suited to functioning In 
diaphragm chlor-alkall cells at low voltage, reduced oxygen content In chlorine and 
lower energy consumption per tonne of product, and without diaphragm damaging 
hazard, have tested the novel types of anodic stnjcture described in the following. 
The first type of structure is represented in a three-dimensional view in figure 1a. 
wherein (1) indicates the current collecting stem consisting of a core of highly 
conductive metal such as copper provided with an external layer of corrosion 
resistant metal such as titanium, niobium, tantalum, (2) the foot of the stem 
provided with a threaded portion to allow the fixing on the supporting anodic sheet 
(not represented), (3) the expanders consisting of elastic elements which allow to 
maintain the two major surfaces in a restrained position, that is adherent to the 
cunrent collecting stem, during the cell assemblage and to bring them to an 
expanded position, that is apart from the cunnent collecting stem and In direct 
contact with the diaphragm surface (not shown) during operation as known to the 
experts of the field, (4) the multiplicity of parallel horizontal plates which are 
secured to supporting bars (6) secured In their turn to the edges of the expanders 
fomiing one of the two major surfaces, the other surface being schematised by the 
contour (10), (5) the thin porous layer consisting of an expanded flattened sheet 
fixed, for Instance by welding, to the edges of the plates (4). In the details of 
figures lb and 1c are sketched the two sections of the anode of figure 1a along 
the lines X-X and Y-Y respectively as side-view and as top-view. For a better 
understanding, in figure 1d the current collecting stem (1) provided with terminal 
part (2) and expanders (3) without their major surfaces Is represented in three 
dimensions. For a better functioning, the anode of figure 1a Is preferably provided 
with the additional expanding elements disclosed in US 5,534,122. 
In figures 2a and 2b It Is shown a particular embodiment of the multiplicity of plates 
of figure la, respectively as a front-view and as a side-view of the section along 
line W-W. In this embodiment, the horizontal plates are obtained by making cuts of 
suitable length In parallel and off-set horizontal rows on a sheet (7). and by 
subsequently defomiing the sheet in conespondence of the cuts in order to form 
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fte mu«,pl,crty of p.a,es known as "louver geome^y. The advantage of mis 
s^ou^ .s given .he very quick fabrication p-ocedu™ v*ich does L rsZ 
the assernblrng of separate piates. On the sheet provided with openings « is 

figure la. The assembly of sheet (7) and thin sheet (5) is in its tun, fixed to the 
expander, (no. represented) as seen in *e case of me anode of figure 1a 
F,gure 3d reproduces a mrae^i„»„sional view of an embodimen. of anodic 
s^^re ^ (1, 33 ^„ ^ col,ec«ng 

provided wi.h mreaded foot (2) for ms flxinn tr. »,» w 
10 lepresentedl m «, 1 ^ "^"^ ^"PP°^"9 sheet (not 

Z^n, . 1 ' ^""^^ ^ """"""'^"^ °' P'^tes supported by 

m.n shee. (5). Figures 3b and 3o respec«veiy show a sid^view and a top-view of 
15 the two secttonsofflgure 3a along me lines K-K and Z-Z view of 

Finally, figure 4a reports a mree^imenslonal view of a ,u,«,er embodiment of 
anod.0 structure wherein the common parts fo me previous embodlmel a™ 
^d,oa.ed w,m .he same Idenfifying numerais: me component of h^her mile^ 

nd a Tr "^""^ ^"^ ^ '^^'^^ a side'*Z; 

and a top-vew of the two sec«ons of flgu., 4a along me lines and T-T 

The above disclosed anode stnichires were installed In lab diaphi^gm cells havino 

25 b,^dl T ^ ^"'"^ polytetrafiuoroethylene as 

25 binder deposrted on a camode conslsfing of a mesh of carbon .tL ZZ 

disclosed in me examples of US 5.534,122. The cells were operated atTcuZ 
denstty of 2500 A/m* at on avr- Kciaiea ai a current 

/ auu wm , at 90-95 C. wrth a punfied brine feed contalnina 315 an of 
sodium ohtonde and 0.5 mg/l of calcium . magnesium and 1 ^ot^ae 
electrolyte containing about 125 of caustic soda and about 190 ^ o Jd t 
30 ch-oride. The anodic structuros employed had me folfo J g:^ ^a, 

- Type a: horizontal plates of me type shown in figure 2a. obtained by making 
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^ mws spaced apart by 2.5 ™„„.eU.s and men deforming the mus p" 
2 ^t ,n corresponden,* o, each ot the cut,, so as form a m.mp. J o, 
P^tes acco,d,r,g fo the geometry known as louvered-. with «,e plates sla^^bJ 

r JsTstirrrr °' 

mimmelr*-^^ " ~™ wide 1 

.0 -rr rollers r * ™" ~ - 
dis^rofusTs^irZe^r' ^"''"'^ --^ 

e or ut> 5.534,122, of the overiap of a thin sheet equivalent to the nn« 

t:tzt. t " " ' """" ~onUrti3 

The catalytic coa«„g employed, based on .he fomrulaUon commonly used for 

thin sheet and the plates (anodes A2 B2^ tn th. . ; . ^' ^ 

on vcinoaes A^, B2). to the plates alone (anodes A3 e 

20 AS concerns type C, the coating was applied at least fo «,e «„n Je^Z^^l 
both sheets, the thin and the thicker one (C2). ^ ^ °' 

The results obtained can be summarised as follows- 

250 h^T?'' ""^ "P to 3.2 VO..S after 

250 hours Of opera«on. wiB, no further varlaBon unBI me end of me C USO 
'■S hou,«). oxygen content In chloHne: almost constant around 3 5% ^ 

- anode A2. Cell voltage: 2.9 Volts slowly rising up to 3.0 Volts after 200 
hour. Of operatton, wim no furmer variation until me end of me test 85oT . 
oxygen content in chlohne: fluctuating wim an average I Jl ^ 

» testUTo^ro"'" ""^ — <" «« 

test {990 hours), oxygen content in chlorine: about 2% 

- anode B1. Cell voltage: 2.8 Volts constantly rising up to 3.1 Volts In me first 
200 ore of operation, wim no ft^rmer vaHation unti, disassembling me ceT(^^ 
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hours), oxygen content In chlorine: about 3.3%. with fluctuations of small entity 

- anode B2. Cell voltage: 2.8 Volts rising up to 3.0 volt, a value almost 
unvaned until the end of the test (770 hours), oxygen content in chlorine: about 

3.1% 

. iJTS ""^^ the course of the 

test (1050 hours), oxygen content in chkwine: 1.8% 

- anodes CI e C2. Cell voltage: 2.9 Volts witt, increase up to 3.3 Volts after 
150 hours with no further sensible variation until the end of the test (750 houns) 
oxygen content in chlorine: 3.7%. fahfy constant in time 

^TT" «-t IS in Principle guite surprising, since as 

^.Xls«» voltages, the better results should be obtained wrth the anodes of type 
A2 and 82. deariy provided with a higher overall surface with catalytic coating. In 
fact, thrs occurs with the Initial voltages, which nevertheless increase in time up to 
valu^ e^entially similar to those of the cells equipped with anodes of type A3 

Iffir , .r"" '^"^ ^""""^ ^ ""O- the 

effec^ of the pressure exerted by the expanding devices, an albeit moderate 

peoet^ton of the thin sheet into the diaphmgm surface takes place: In this way. 

part of ,ts surface with the relevant catalytic coating would be blinded. Moreover 

nsTthTn T"" """"^ ^ 

u^SKie me d-aphragm (chlorine should be absort,ed by the alkalinity diffused from 

rnTTr T- <" e'-trica, 

distnbuton of cunent. which tends to concentrate inside the diaph^gm in 
oor^pondenc^ of the meshes of the thin sheet when they are in contact w'h me 
d«ph,^m or even partially penetrating inside It. In practice after a certain period 
dependrng on me working conditions and me nature of the diaphragm, me 
behaviour Of anodes of types A2 and B2 would finally coincide wim me one of 
anodes A3 and B3 wherein me catalyBc coating is applied on me plates alone 
Wh« said above also allows to understand me functioning of anodes A1 and B1 
Which rs cleariy the worst: in mis case, me fact of having restricted me catalytic 
coatag application to me m.n sheet alone entails that me negative effects of 
biindrng and of partial obstnrctton of me cunent transmission are maximised, being 
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the compensating action of the catalytic coating, whereof the plates are free 
unable to play a role. 

As reaards anodes A3 and B3. it would be obvious to expect a relatively high 
voltage value due to the higher ohmic drop In the brtne. since the catalyst-coated 
plate surface is placed at a distance from the diaphragm conesponding to the 
thickness Of the thin sheet. As a matter of fact, the current is redistributed along 
the lateral surface of the plates so that Its density decreases steeply when the 
distance from the diaphragm increases with a parallel decrease of the ohmic drop 
which thereby results substantially lower than the expected values 
The better behaviour of the anodes of family B compared to the equivalent ones of 
family A is likely an indication of better brine recirculation with the vertical plate 
structure with respect to the one with horizontal plates: the better recirculation 
detemiines m fact a quicker brine replacement also in the mo« blinded areas with 
a favourable Impact on the overall operating voltage. 

BesWes the values of voltage, the oxygen contents in chlorine are of great 
practical interest: oxygen Is in fact a byproduct whose fom,atlon Is a useless 
waste Of eneigy detemilning as a consequence an eneigy consumption Increase 
per tonne of chlorine. Moreover, excesshre levels of oxygen may cause problems 
in the downstream processes in virtilch the chtortne is employed. 

The higher oxygen content In chtorinecharacteilstte of all the anodes A1 A2 B1 
B2 may perhaps be explained by remembering that a certain po,«on of caustic 
soda migrates back toward the anodte compartment establishing a generally 
alkaline pH profile within the diaphragm, probably capable of extending also to the 
bnne film adhering to the surface of the same diaphragm. The thin sheet provided 
with cafalytk! coating and kept In contact with the diaphragms by the expanding 
devices is practfcally in direct contact with alkaline brine: it follows a facilitated 
oxygen evolution up to the relatively high levels recorded during the lest The 
oxygen evolutfon Is further enhanced If the thin sheet penetrates albeit partially 
Inside the diaphragm surface. 

In the case of anodes A3 and B3 the thin sheet, or equivalent stnicture such as for 
example a mesh of wires of the same thickness. Is free of catalyUc coating whteh 
IS only applied to the plates where the alkalinity cannot anive being dispersed by 
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the local turbulence. The fact that the oxygen content In chlorine results lower with 
the B3 type anode than with the A3 one can be maybe justified by the higher local 
turbulence supported by the vertical plates with respect to the horizontal ones 
As sa,d before, the oxygen content in chlorine , assumes a particular importance 
since it directly Influences the oxygen consumption per tonne of praduct chlorine 
In particular, disregarding other factor^ of yield loss, such a consumption results of 
2300 kWh for anode B3. better type among those utilised, to be compared with the 
consumption of 2450 kWh relative to anode 82. which represents the second 
better performance. 

As rsgards anodes CI and C2 (prior art) the relevant behaviour (energy 
consumptton: 2650 kWh) evidently of lesser value than those displayed by types 
A1. A2. A3, B1. B2 and B3 respectively. This result can be well Interpreted In view 
Of the working hypotheses previously exposed, particularly in view of the less 
effective local recirculation supported by the meshes of the thicker sheet 
compared to the one characteristic of the horizontal and vertical plates. A less 
sfricient recirculation results in a lower brine replacement in the more blinded 
ar^s of the stnrclure with consequent depletton in chlorides which is the cause of 
higher voltages and higher oxygen content in chlorine. 

For the sake of test completion the inventors have also verified the ftincttoning of 
an anod,c structure, indicated as C3. equivalent that of CI and C2, w«h the 
drfference ,n the appllcatfon of the catalyBc coating limited to the thicker sheet 
atone. A cell voltage of 3.1 Volts was recorded with no sensible variaflon in the 

r,^ T,rr ^"^^ ^ -^'"^ <»^" - ■^>°^'^ ^ 

an ,„*a. 2.4 % to a «na. 2.5 %. this anode, even if characterised by not 
part^ulariy brilliant perfom»nces but also higher than the anodes C1 and C2 of 
the Prior art can be consWered for all purposes as an embodiment of the present 
invention, although less preferred. 

In conclusion, the anodes in accordance with the present invention, consisting of a 
Uiin pon»is layer, such as for instance a sheet piovided with openings and 
flattened, coupled to a porous component of higher thtokness capable of 
promoting the local recirculation of brine, such as for instance a multiplicity of 
honzontal or vertical plates, with the catalytic coating only applied to such 
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component, achieve In a satisfactory manner the objectives initially put fbn<vard of 
low cell voltage, low oxygen content in chlorine, contact with negligible risks of 
mechanical damaging with the diaphragms of chlor-alkali cells. 
Several variations of the instant invention are possible, as certainly results clear to 
the experts of the field. Some of these are listed for the purpose of exemplifying: 

- The iadvantages characterising the anodes consisting of a thin expanded 
flattened sheet (or equivalent planar structure such as for instance a mesh of 
wires) and of a structure directed to favour the local recirculation of brine, are 
obtainable with just marginal variations also when the diaphragms are asbestos- 
free and consist of inert fibres, for instance made of fluorinated polymer such as 
polytetrafluoroethylene and/or of inorganic material such as zirconium oxide 
stabilised by binders chemically resistant to the operating conditions of diaphragm 
chlor-alkali cells. 

- The thin sheet or equivalent structure may be made of metal or polymer. 
15 preferably hydrophilised to prevent the adhesion of gas bubbles. 

- The thin sheet or equivalent structure may have a thickness comprised 
between 0.1 and 1 millimetres, preferably between 0,3 and 0.5 millimetres. 

- The thin sheet may have a ratio between opening clearance and surface 
occupied by the construction material of at least 50%. preferably of at least 70% 
even more preferably of at least 90%. High values of the ratio permit avoiding thai 
local concentrations of cun^ent be created with an undue ohmic drop increase 
Typical sizes, although not limiting, are: width of constmction material portions 0 2- 
0.8 millimetres, for instance 0.5 millimetres, rhomboidal openings with major and 
minor diagonal respectively 1 to 5 and 3 to 7 millimetre long, for instance 3 and 5 

25 millimetres. 

- The thin sheet may be disposed directly on the diaphragms instead of being 
fixed to the anodic structure. In this case the pressure exerted by the anodic 
structure under the push of the expanding devices determines the intimate contact 
between the structure itself and the thin sheet, required for the functioning of the 

30 anode of the invention. 

- The structures directed to promote the local recirculation of brine preferably 
consist of horizontal or vertical plates whose thickness, spacing and width must be 
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optimised according to the operating conditions, in particular the cun^t density 
employed, and to the diaphragm type. In principle, also consldedng the 
convenience of obtaining the highest possible coated surface and the be^ 
electrical cun,nt reparBtton. stmctures insisting of low thickness and low spacing 
plates result favourable. To facilitate the constniction it is presumable that the 
minimum thicknesses should be around 0.3 miilimebes, and the minimum spacing 
around 1 millimetre, while the wWth Is limited by the admissible width of the anode 
which although In a restrained position must be easily insertable between the celi 
^Ihode flngen,. In the examples, stoictures comprising 15 millimetre horizontal 
plates Obtained by deformation of a 1 miiilmetie thick sheet have been disctosed 
but diff^ient Widths, for instance comprised between 5 and 30 mPlimetres for 
Plates obteined from sheets of thickness comprised between 0.3 and 2 mllllmet«s 
can be „ke«.se employed. I, has been also disctosed an optimum spacing of 2.5 
millimetres, but values comprised between 1 and 5 millimetres also altow to 
practise the Invention advantageously. As rega«ls the stniCure with vertical 
Plates. 1 millimetre thick plates, wfth wld«, and spacing of 4 millimetres were 

ImnTn T^!^"" *" ' ""'"^ <^ ^ spacing 

compnsed between 2 and 10 millimetres ooukJ also be employed 

- With the industrial sfee anodes of about 0.7-1 m- per side « is p^bably 

d«cult to exert a unlfbm, pressure on the diaphragms whose surfaces may 

suW ri^T P"""^"' advantageously 

subdMded into separate secttons. each secuied to the expanders: the ejicty J 
fte expanders allows a little tilt which facilitates a mere unifom, contact, and 
therefore an improved rspartHion of (he compression, even with diaphragm 
characterised by sensible In^sgularities of pianarity 

The present Invention is not only relative to only newly constaicted anodes, since 
the structure preferably consistinfl of the vertical or horizontal plate panels can be 

r! r? °" "'""""^^ "'^ f-^^ P-»vides 

he detachment of the okl expanded sheet whose catalytic coating is exhausted 
the Cleaning of the tem,inal parts of the expanders fmm residues of previous 
welds, the constmcUon of the panels <»nslsang of plates secured to supporting 
bars and pravlded with catalytic coating, the welding of the panels to the tenninal 
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parts of the expanders, with a final step represented for Instance by the welding In 
case the thin sheet Is made out of metal. 

An entirely equivalent procedure is followed when the newly constructed anodes 
have lost their catalytic activity after a prolonged operation. As an alternative, it is 
conceivable to restore the catalytic activity by detaching the thin sheet alone and 
fixing in its place an expanded sheet of high thickness provided with catalytic 
coating and thereupon, in a position facing the diaphragms, a thin sheet or 
equivalent mesh free of catalytic coating. This composite structure corresponds to 
the type of electrode previously identified as C3: in this case, however 
performances should turn out to be Improved by the presence of the plate 
structure behind which, even with an exhausted catalytic coating, still promotes an 
effective local recirculation, decisive as seen above to keep the cell voltage and 
the oxygen content in chlorine at low levels. 

The present description shall not be understood as limiting the invention, which 
may be practised according to furttier different embodiments without departing 
from the scopes thereof, and whose extent is solely defined by the appended 

claims. 

In the description and claims of the present application, the word "comprise" and 
Its variation such as "comprising- and "comprises" are not intended to exclude the 
presence of other elements or additional components. 
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